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AR T I1CL E VII

NEW BLECTRO~OPTICAL ANALYSIS FOR PARAFFIN

¢t

' Andlyticai'Deterﬁination»bf “Paraffin~th":infmiheral 0ils and
- Wax Cakes Dy & New Elpctrow=(ptical Methods ..

N

. The usual méthod'for'the determinafioﬁ.of péraffin wax in ﬁiné:ai
0ils and wox cakes requiresiihe dilﬁtion‘qf & weighed portion of thalwax
scales with vérious 361vénts; Tﬁe solufion-musf then b$ chilled %o
approxlmately -20° C.,, fllterug anh either the residue or the filtrate‘
nust be welgheg after the removal ‘of the. solvent. Due to th¥/~9&ubility
-of paraffln wax -in- oxl'dné SOlvent even at low temperature, concltlons
must be met carefully and the procedure is teulous and tlme consﬁmlng.
In Iaboratory pract;c; ané especiallymin plant contro; work, immecdiate

‘results are cesired, The rniethod described belowuwill provide quiCk

results (10 minutes) while the standaro tests, nay be carried out

el
s,

51multaneously for checking anc reference,

B ’

e

The new methoc elln‘nates ¢ilution with sclvents and is based on the
. principle thaﬁ_paraifln wax is coubly refracting whexn it is §olid, '011
and moiten wax as well-as aisscl§ed Wax; on. the cﬁntrar&, a;e optipally}

1sotrcpic, leferent pE&affln waxes ciffer only slxchtly in optical
activ1ty. It is apparent that connitions can be created such—as to ’
 b1ve a measurable optical activ1ty of WeX 011 nixtures which 1;\

prcport:Lonul to the po.ro.*’f:.n content-

Optlcal Arrangement._ Light rays with large wave length have best

‘penetrabllity throuth a turbid meulun, It is therefore cbvicusly
acvuntuteous to use recd llbht which furthernore elim;nutes d1sturbance

~

which night arise fron fluorescence, The application of” 1nfrared light

1Ls
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did not brin; any. acvantage, and even causes difficulties for reason
of its heatin{ effect and becauéé more delicate andAcomplicated
absenblles ure requlred.

‘ The bean of llght is supplied by a low voltaLe bulb 30 watts,

which is connected with a well stablllzeé voltabe outlet. It is

~

-flltered through a ruby {1uss fllter, freed from heat_rays by a water
chambgr wnc focused on & nicol prlsm. It then penétrqfes'a fine ground
gldss plate anc¢ a thin layer of the Sample to be examinéd"éﬁd passesl
throu&h a second nlccl prism, Whlch ney be set parallel or crossed .to
the first one, - An assembly of lenses and diaphrugns insures that e

unlforn light beam of approx1mat€ly 3 - 5 m f'is maintainec throu;hout,

&

Electric Equipment. The light bean is dlrected'to a phctoelectric

or phofevdlfgic cell. 0551um cells with ampllfler and nllllanneter or :
recorder give goéd results. A ﬁuch-51mpler and cheaper apparatus,.l
‘con51st1nb of a photovoltalc cell (such as used in exposure neters) in
_ccnnection'with a sensitive gelvanoneter with teut suspenfed~c01l-anc
mirrqr_deflactibn proved juét és satisfﬁctqryr .Inithis caselif is
§u€antagéoué'to‘u33 a giﬁerginL lens to spreéd %hé light besm over &
larger\sufface.of tﬁ? cell, éhich éives Better.propcrfiﬁnality of
light in£g§§ity'to eléctrcnotorlc ferce, ) |

Procecure, It is evident that the'réquired propcrticnalfty can

only be obtained if the sanple tb Be testédnhas & nost exactly'défined
‘thickness, whlch can also be accurately reporc@uced w1th certalnty,

- The wax should crystalllze in a nultitude of tiny crystals, arranged
in all cqnceiyable pqsiti@ns#‘such'as to pive mesn optical actlvityﬂ
Doﬁble refroctivity is naturally différé;t>fqr various‘érystalline axes -
| andra préfefred-ancvdirécted gréwth of cryst&ls is to beAavofdéd. _The ~

thlckness_nflthe waxy laver must not excegd the linit whxch for hlgh -~
- 3
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paraffin percent&ges pives mexirunm . trdnshissidn of light,betwéen‘drOSSed
hiébls, A thlcker flln will not allow nore llght to pass, but frustretes
‘high % reacingse. .- The 1nfluence of turbléity bacomes predcnlnant in

.thiCker'paraffinic layers. It 8p01ls proporticnality of dcuble

R '

refract1v1ty to wax content. ' ’ , J -

The requlred condltlons con be eas1ly createc by transferrlng a’
édrop of the molten wex scales to a countlng chamber for blood corpuscles,
_such us it is used by«physic;anqg_ The chamber is then heated to 80—100 C-.
ahé~let cbbl ddwnnat'rodﬁ*ﬁéﬁiérafure.- Thus correct £iln thlckness of

eXactly 0 100 mm is obta;nea. Frequent tests)have provgd that the mean

double—refractiv1ty of stanaar( wax - 011 nlxtures was well within the
Allﬁlts of error of paraffln determlnations by conventlonal nethons,

althoubh the averate size. of the wex crystals nay have veried for the

- . .

alfferent preparatlons. That fact is. v1s ble, because dlfferent

crystal s1ze causes alfierent turbldlty of the preparatlon.' It does —

w

E

not natter, however, because that variable is conpletly elin1nated

mathemutically‘ ds it will be seen later..

Testlnt. The paraif1n~sanple to be examlned is neltec. For wax .
——-—-d—-—-q——- .

equal anount of‘gewaxea 011.3 Ho other preparutlonsare needed unless
the wax cake contains 801vent, whioh musf‘bé evaporatea cn a watch
ﬁl&SS- For low wax—qenteni_(below 25%) 1t'w111 be necessary to.apply:

a tnlcher flln. 8peci¢lly ground ch&mbers, or the usé of two commercial

chambers which give. 0 200 rm film thlckne3° nay be used,
-One drop of .the test sanple is placec on the slithtly heated countlng
v , , /

chamber. 'The chémber is the cowgred With u thick plane - parallel | l

glass plate whlch is flxeC'w1th two cllps, The prepafétinn is heéted
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to 80 - 9OOJ in an ~oven, left standlng at room temperature until the |
wex sclicifies and flnally immersed into water -of, 20° C. The«chamber

is taken'out after 5 minutes,'aaherlng water ;sfdabbed offvwith filter_

paper and ‘the sample 1s ready to be examineds
It is placed between the nlcols of the apparatus and two reacings'

”are taxen, one between parallel nicols and another between crossed nlcols,

It 1s advantateous if the Lalvanometer has a scale divis;on of 100 parts.

and if 1ts sen81t1vity can be varied by a varlable shunt. Light -

_intensity or the shunt. W1ll be adjusted such os to glve maxlmum deflectlon
tbetween parallel nlcols, but the~reacing need not be precis<ly 100. .qhis_
reucding glves the standarc for llght penetration through the sample, end Q
the augustment must be done 1nc1vidually for every sample éepending

upon turblalty, oil ccntent ancd size of wax crystals. This may be called

reading'"‘"" o | ' o R E

A second reacing 1s.then taken. between crossed nlcols-which will

obvnously give a lower figure, because only a part of the light,

proportlonal to the paraffin ccntent of the sample, reaches the

photoelectrlc cell. Reacing “B"' : L n ' ] E
It is new ev1cent that the turbid1ty of the preparatlon is conpletely‘

eliminatec if the. quotlent of the two reaalngs is taken, because the‘—
w»

relatlon B ‘iOO is constant. Regarcless of what the reading mAn
ney have beenklt tells the quantity of licht, which passes the
preparatlon aue “to pclarlzaticn in reference to the neximum. light
4quant1ty'wh1ch could pass the parafflnic layer if the optlcal act1v1tyf

was 100%. (Expressed by reaclng between parallel nlccls).

Valuatlon.. Standare-preparatlons are macde from oil free wax and

dewaxed 0il end are blenced such a8 to give 10%, 20%, 303 etcy. of

U9
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'4tions—are-subnitteé—tc—the—above—ﬁeseribedr

analytical proeedure. The obtalnea quotlents are then plotted against

posmRt

peraffin content. . (See grsph) .Unknown samples can then be tested as

it hds been described above anc. the result is teken from the graph.

Example:  Reading wu® T 50 B ', 100 :>86;;ax~% = SLo
o _ A ' '
) . “B'.":LLO‘ '

.The curve is a straight line for wax percentages 25% 65n. The

paraffin ccntent can be read from'the graph for any-unknown'011 wax
'mixtﬁre aé”scon as the quotient has been determined and the analysis

takes but a few minutes and requires very‘littie material. Obv1ously

-

only the wax which 1s Sclld at_cbservation temperature is measured. The

mean.Value of several readings shallkbe taken.

-,

hemarks;' The curve runs steep fer'low wax percentages and extremely
steeérfor‘high'oﬁesg ihe metho¢ can be acapted to those cases by diluting
high&éeroentage waxes with wax free oil and by examing ehe eahples_‘
whicﬂzare ped;-ih wax eontent in thicker'layers.! It is to be considered
however thet the sclubllity of wax in oil, whlch is negllflble for
’average eoncentratlons, cannot be neglectea for low wax percentage. It -
'is‘then edvisab%e touchili the'prepafatgéniin‘ice weter, tempefing it
" to Oob insteed'of EOCC ani to plef.a new cufve for those conditions,~

Exanination nust then be eoné‘quickly to prevent the chanber fron wnrning

—_——- N

upe This is partlcularly essential for samples which contaln low melting
paraffins, . : o \

Chilling the test sample to temperature below 0°C requires special

— T e ’

protective measures -an’ serious errors can result from frozen water,
. . ’ “‘\ .
which also is doubly refractinge Wetting the slides with . glycerin or

alcohol mey'help eventualiy.}
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"‘It*hae*b‘en*eetﬁ*&bove—that—there~ere—silghtrdiiferenceS*rn—the-
_optlcal activ1ty of cifferent parafflns. (see_graph). For rellable
:results it is therefore necessary to plot the quotient curve for the.
wax ‘which is to be tested later. It is = small job only to'produce some

oil free ‘wax from the concerned product and to purify the paraffin by

S et L

repeatec preclpltatlon from its sclution in any of the ‘well known sclvents.,

Dlscuss1on. It is aov1sab1e to check the results by preparing

.sereral chembers with the same test obgect§v'The results are usually ‘
Vwithin the sane linits of error as the conventional precipiteion ﬁethods.
However‘,ln a few cases, anﬂ'emong many correct results there happens
a readlnL which is decicely wrong. The reascn for that could not be 7
feund with certainty. The formatlon of a different crystal modlficatlon
with different optlcal activity nlbht be to blame for 1t. There is no
doubt that paraffln weXx ccours: in. ﬁlfferent modlflcaticns when soljd.
If contraction or density is plotte&-against tempereture there are several
bends'in the curve.. - The following curve shows that behaviour. (see next™
page) Oon the - other side rt~1s'apparent that not much happens at 20°¢ c,
at leaet nothing which is.reflected'ln a prunounced leap in grav1ty or
‘vclume..‘ﬁut the presehce of o0il may cenceal crystalline changes to a
certein extent en« no eatiefactory answerhcen therefere be given as yet.
.It-is.interestihg to see thatvne correct ealculatiop-of the density
of eolid paraffins et a.given temperature ie pe&siiie frcmtthe depsity'
of wax which”waeepegsured at‘an;»etherbtemperature. This was known for
the' culoulaticn of the spec, gravity of solid paraffin from molten wax,
but the,celculatien_gives uﬁreliable reeuits also if the'solid phase
is eoneidered exclusi#ely, This behayiohrﬁpaturally.also‘réflecte in wax

beanihgﬂoile;.though.the error ﬁﬁi“then be negligible, No irregularities
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were observeé or could be antlclpated in the grav1ty-temperature curve
,of5molten paraffin. Grav1ty of molten paraffin cean therefore be calculated
~from the spec. grav,. of molten wax at another temperature and is a
rellable ba81s for analytlcal methods such &s -in the determlnatlon of

the molecular weight with Eotvos's rule.

| " The penetratlon of light through v&rlous wax samples between | 7

perallel and crossed nicols was_recorded in many tests{ .ﬂhe re@ulﬁll
waS‘alﬁays that coﬁparable curves checked well and that nothing seemed to
happen after 5 - 10 minutes tine at room temperature.» (See graph) One’
. centimeter of the ordlnate 1she§u1valent to 5 minutes. ﬂTﬁe‘left curve
.glves the llght 1nten51ty between crossed nlcols, the ripht one records
¢he turbldlty, Whlch is. proportlonal to the llght 1ntens1ty “be tween

.perallel nicols, The braphs also show that the two curves do not

1nterfere up to 709 paraffln content. - For higher percentages of wax

-

there is an 1nter£erence of both curves anc the 1nf1uence of turbldlty

PSS -

becones predomlnent. It is to be considered that,the left curve records.
: x L

on its abscissa the light transmlss1on for reason of double. refract1v1ty
minus light absorptiog;by turbidity.‘ The right curve gives light.
absorptlon by turbidity only. ', o _— -

also evzcent, 11 we study dependence of 11ght penetratlon between
ossed nicol upon COOllnL veloc1ty..w%hlle the curve for lower
chllllnb rates is almost hyperbollc, there is a curve of hlgher order
obtained in quick chilling."lt is obv1ous that‘ln both CL.EE6S the
Lrowth of crystals w111 be much Olfferent and that the slope of the

turbldity curve‘and of the curve of" opt:cal actlvity will interfere in

meny points. There are two ame.zing facts, however, . 1) In both ways the-
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rmsdiselon of light through 0,100 mm of solidifying paraffin
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same readlng Is- obtalned as the final résult regardless of what has

'

happcn@d»during crystallization. 2) in melting the sample the réverse
curve of the SOIidifyiﬁé‘pfocess is obta§ned refléctipg exuc%&y whe ther
the prepar&tlon hacd been chilled quickly or slowly. -There is only one
conclus1on p0551ble, that even varylng number of orystals and their

arrangement in space give & constant mean double refractivity within

Curves of transmission of polarized light through 0,100 mm of paraffin

P .
S W G W s — - —— — — - ——— — — . > - —— - .

Slow chilling Rapid chilling
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\wide limitsvof chilling rate, which just proves that the above described
metnod which measure mean flnal optlcal actlvity is epplicable,

Wex Recorder. Instruments, Wh¢0h continuously record paraffln'

percentaae of'wax cakes on a purely phys1cal principle,. do not exist,

"on the market. Such an 1nstrument w111 oe hlghly desirable for
. . .
plant control and I therefore trled to use the dlscussed prxnclple of

electro-optlcal analys1s in the des1gn of a recordlng 1nstrument. If
1s ev1dent that llght\transmlssion through & paraffin’ layer of glven
thickness betWeen crossed nlcols will be proportlonal to wax content,
if the 1nfluence of turbidity can be eliminsted. Tt follows from the
Quo;ienf ‘B 77100, that wex / is proportional to reading B if the gal-
vcnometerzoeflectlon A is made lOO scale divisions for any paraffln
secmple, ThlS can be done by changlng the sensitivity of the gal—
vanometer with shunts. or much betfer by varylng 1ntensaty ‘of the llght
source with a rheostat.; The optlcal ‘electric and purely mechanlc
assemnbly does not offer problems which are difficult to &oive, but the -
contlnuous preparation of well deflned paraffin layers, 1s not easj
to produce. The demand to have 8 deflned layer-of exactly 0.100 mm
thlckness, sandwiched between two glasses woe answered by 1nsert1ng

& countlng cbamber for blood corpuscles into a oontlnuous stream of the

wax to be tésted, ﬂhe sketch on next p&ge will make plein the design

of the instrument.

A counting chamber is cemented between glass tubes in such o way
- thd¥ mélten paraffin can floﬁ through it. A hucﬁ'larger.amOunt of
molten wax w1ll flow through & bypass. Tubes, w1th exception of” the
countlng chamber, are fitted with a heatlng Jacket. A nogzle is close

to the chamber_andwggp blow a get of either hot or cold eir towards it.

|
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_The cold jet will cause the paraffir to solidify in ‘the chember and

meke it ready for examlnatlon'w1th transmitted polarlzed llght, ‘while
the hot jet will melt the preporatlon end open the path for fresh -
paraffln to flow throguh unt11 the cold jet obstructs the chamber again .

and offers the ana1y21ng light beam a new sample.

,...»

The 1nstrument consistsof one half clrcular contact bar on which
a cent&ct brush 5weeps around'one full>clrc1e 1n.10-m1nutes, ‘The contect;
‘bar 1ntermittently actuates’ the heater of the hot air Jet for 8 few
m;ﬂutes, which melts the wex in the chamber. The heater 1s then out of
commission during,555'7 minutes, which cguseszthe wax to solidify under
the'influence«of the'coid air.jetc Towards -the end of the co}d Jjet
perlod another contact is closed, Whlch causes a small motor to slcwly
run o slider along the windings of & rheostat, whlch incredses vcltaée
end.makes-the incandescentflamp (6 V,'5,A)‘shiﬁe with‘increasing bfiéht-
ness. mhe lighttf?om the buib is directed par&ilel by condensing lehses,
cooledvby a wetef-chnmber and{passes a rphy filtef; a nicol prism’and

I

the wex chamber. The beam is then split in two byfprisms‘ One_beem
N

—

'goes througn a n1col prism in parallel pos¢tlon and h1ts a photovoltalc
b;;rler layer - type cell (I), whereas - the sccond beam passes another |
nicol in Cfossed position and then hats-upon &‘second‘photovcltalc cell
'.(Ii). Cell (Ij actuates.a galvanometer feley; iLigpt iptensity increases
; cont;huous1§ until the relay pointer hits on o Cortact. éﬁat deflection
‘shqll be exactly equlve;gnt to the 100 scale part deflectlon of a
depressor bar recorder, Whlch is worked by photovoltalc cell (11). /fof

this ad"ustment the nlcol of the cell (II) beam must be set purallel.

The adJustment hav1ng been made it 1s permane“tly crossed ageain-for

.teking the wax percent reaalngs. Contact of the gelvanometer relay

16; l



-;cause3~the depressor barwto"prlnt"a_dot on the recordlng sheet.. B&N%éﬁ
»of relays 1t reverscs the current of the motor whi ch moves the sllder |
of {the rheostut back to Zero posotlon, rever51ng the current agaln and
vSWitching'it off. The hot air tlner then heats the wax chamber, now'
-wax‘;;ters the cell, is solidified by the cold air Jet and tho electro;'
optlcal assembly;is set in mmtion at the end ofqthe coollng perlod such‘
as it hus been descrlbod above. The necbssary 1nd1v1dua1 relays, B ‘Q
oleotronlc and ord1nary, are advantaneously assembled in e master relay
'unlt. | | |

oeveral parts of the descrlbed arrangement have boen trxed out

' and.apparentlyﬂworked well. However, the descrzbed assembly has never
boen built os a complete unlt. It can. be antlclpated that 1t‘W111 |
work,_but a few catchos,vwhich did not show 1n the 1nd1v1dua1 parts‘;;; :
lbe still iﬁ.io,v The reading w1ll evidently be llnearly proportional -
to wax °f 1n the above glven llmlts of 25ﬂ - 65p.~ for more waxy gamples
it may be necessary to dilute the 011 whlch makes contlnuous recordlng k
compllcatod.v It also seems possible‘however,-that exam;natlon of |
,.undlluted wox be done in a thlnner l&yer €e g. 0 0500 mm or that non-
linear.raiatlonshlp of 1ight transm1831on for hlgh wexX concentrations
‘”ot the USu&l thlckness is rbcordod and the 1nstrument callbrated

' accordlngly.

It 1s bv1dent that further resehrch about crystalllzation and phyb,

—

olcal churacterlstlcs of paraifin waxes is a. promlslng field._ L;ttle

is known about soft parafflns snd hlgher synthmicmmxes.v As seeﬁ \

from the commercial view p01nt however, suoh study may load to oconomic

methods for the 1solatlon of puraiflnlc ind1v1duals,.for whzch the T

’.future fleld of appllcation as chemlcal 1ntermea1ates ete, can preseotly_
got be fully viewed.
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